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SOLAR DISTWBANCES AND TEBBESTBUL WEATHEB. 
By ELLBWORTE HUNTINQTON, Research Aseociate in Geography. 

[Dated: Yale Ihlversity. New Haven, Corn., Mar. 7, l9lR.l 

(Cbnlinurdfrom this REVIEW, April, 1918, p. 177.) 

111. FAOULX AND THE SOLAR CONSTANT COMPARED 
WITH BAROMETRIO GRADIENTS. 

Facub and barometric gradients. 

time of solar disturbance. The facular line does the same, 
but to a less degree. In  general the facular line seems 
to be shifted one or two days to the left of the other, It 
is impossible to t d  whether the f a c h  really produce a 
terrestrial effect or whether they appear to do so because 
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their area varies roughly in harmony with that of the 
spots. 

The renittilling lines of figure 15 represent the haro- 
inetric variability during 1910-1913 in the northern sec- 
tion of the North Atlantic before and after periods of 
strong uadrant rlifferencr.es in the faculw, and the aver- 

1007, 1910, 1911, 1912, and 1913. These lines as a whole 
present little evidence of any solar relationship. In 1910, 
to be sure, when sunspot-s were fairly iiumerous, the line 
rises to a pronounced maximum at the end of the time 
when the quadrant differonces of the fmulie were hi h. 
In  this case, howover, as in 1907, tho effect may be f ue 
to the sunspots and not to the facula. In 1911-1913 
when there were alniost 110 sunspots, the f a c d s  were 
also reduced in numbers, but not to so great an oxtent 
as the suns ots. Therefore if their quadrant differences 

some sign of it. 8otliiig of the kind, however, is a parent. 

let us begin with the earth. In  figure 16, which is based on 
Table 13A, the clotted lines represeiit the fncular quadrant 
clifferences before and afterpenodswlian theBt~lanticOcean 
suffered an especiall severe barometric disturbance such 

ents in the southern art of the North Atlantic almost coin- 

northern section. These conditions are the same as 
those clescribed in relation to figure S [p. 1401. The lines 
for 1907 and 1910 su gest a relationship between 

were fairly abundant and the apparent relationship of 
the faculw may be due simply to their occurrence in 
conjunction with sunspots. l‘he years 1911 to 1913, 
when facula were relatively more abundant than sun- 
s lots, although both were scanty, su gest no relationship 

whether we proceed from the earth to the sun or in the 
reverse direction it appears that so far as quadrant differ-. 

age for \ 0th sections of tho Atlantic for the five years 

have any e B ect u on terrestrial weather we should expect 

Instead of beginning with the sun, as is done in f? gure 15, 

that there was a mar I -ed flattening of the barometric gradi- 

ciclent with a mar R -ed increase in the gradients of the 

faculw and storms. In  t B ese years, however, sunspots 

o 4 any kind between the sun an a the earth. Hence 
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FIG. 16.-Quadrant differences of lacuke in rehtinn to perlods of specid storminess in 

the Atlantic Ocean. [See Tabla 13-A.) 
20 ,,/-\-,,i 191 3 C!orn.jmisons brtziwn solar constants aid ba.rorometrie 

Let us  nest conimre the earth's chanaes of weather 

gra&n,ts. 
15 

.9---.- 

10 
wit11 the solar consknt. This is done inyables 14 and 
15, and in fi The method emplo ed for 

diagrams, but differs n little because the figures for the 
solar constant are not available for every day nor for 
the-whole year. For the years 1906, 1908, and 1909 I 
have selected all the days, 76 in number, having a solm 
constant of 1.950 or more, nccording to Abhet. For 
each of these days the change of gradients in the northern 
and southorn sections of the North Atlantic Ocean has 
been tabulated and also the change on each of the S pre- 
ceding and the 15 succeeding days. This method puts 
all the days with high constants into a single group, 
no matter whether the are the first or later days of a 

clays to he tabulated twice, since the fall before one 
disturbance and after another. If tge method were 
applied to line A in figure 10, for insttlnce, i t  would 
cmse the masimum to occur on the day corresponding 
to the zero of figure 16. The masiniuin would not be 

res 17 and 1s. 
figure 17 is a Y most the same as in the previous tab 7 es and 

disturbed period. It a so  s causes the gradients of some 

TABLE l3A.-Quarlrant diference of fa& in rekatwn to pcrunis of mzrked bnronwtrk distrarbancf in Atlanlir Ocenn iniiolning tither low yradient or a 
sudden decrease of pw.cknts in southern part amnpanaed or closdy followed by n great iticrcnsc i), strength of gradktits in  northrrn part (see&. 16). 

8 W  .... . ......_....._......_._. 4,013 4,SS 3,577 3 , W  3,646 3,618 3,768 3,912 4,200 4,m 4,09!3 4,270 4,274 3,592 3,255 3,832 3 , W  3,421 3,936 - , - ! . - I  I I I I I I I . I . l l ~ I I , l  I I I I I I I 
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TABLE 13B.-Total arm o faanclz in relntwn to periods of inarfied hamnet& dkturbancca in dtlat& Ocean Ciroleing either low gradients or a 
sudden k e a a e  of gmdxta in aoilthern part aceonpmied or closely fo~b lved  by a grmt increase in  strength of gmdie>ata i n  northern part. 

In eneral it conRrms the idra that facula as well as sunspots-hut to a less marked 
d e g ~ , u s u a l l g  numerous at about the W e  when barometric disturbances am &peclafly marked. 

Nm~.-This table is not illustrated by a dhgram beesuse it adds no new idea 

10 I 11 12 
---- 

808 536 301 
611 617 715 
219 243 353 

1,438 1,398 1,369 

l a 9  18.4 18.0 

Days following barometric dlsturbance. II I/ Days preceding hrometric dlsturbance. I 

I O  I ]  d -8  1 4  5 6 1  7 8 9 I O  11 18 I3 14 16 
High constants ....____.___.._.___._____.. .._.. -2. -2.3 -1.7 -0.1 + a 7  +0.6 +1.4 +a. 1 +1.i +u.7 -0.6 -a8 +0.4 +a4 + a 2  
LOW m s t m t s  _._...._._.._.__.____._____ ...._ +2.5 +1.8+1.3 +0.3 +0.5 +o.F, -0.3 -1.2 -2.1 -2.13-1.5 -0.7 -0.9 -0.6 + a 3  

Day ....................__.______________. 96 25 67 28 39 SO SI S.9 $3- $4 36 3ti 57 S8- SO 40 
Hlgh r n d W  ._.__...._.......__..... ... -0.7 -1.0-0.6-0.7 4 7  -a4 -0.3 -0.1 +U. I +1.0+0.4 +0.3 +O. +O. I +a2+O.3 
Low constants ...__ .._._... . __.__.__.._.. +I. 2 a -1.4 -1. I + a 3  +i.a +a -1.2 -1.3 -a i -1.2 -1.6 -az +1.3 +1.1 +as 

Day.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I I 

Sums.. . . -. . . . .. . . . . . . . -. . .. . . . . . H, rn 9,811 9,470 10,183 9,tm 9, ins 9 . w ;  9,419 10, i n  10,r)cwI 1n.m io. mi IO,OIO 9,1345 u,54s 9,m io, 13s~in.097 i n  081 io 1% io w 
I I I I I I  I I I I 1 1 -  II I I I I I I 1 4 ' b 1 1 ~  

90 )I 92 JJ 24 
-2.0-2.2 -2.1-1.4 -0.6 
+0.3 -0.7 -i.5--1. I +O.B 

.(6 @ 47 48 49 
+La +2.3 +2.2 +1.6+1.1 
+ 1 . 0 + ~ 4  +0.1 0.0-0.3 

TABLE 14-Changea iu  baronutn> q d k n l a  i t&  relnlhrs lo chys h i n y  n enlccr constant of 1.950 or niorc ( s e c j q .  17). 

Northern section of North Atlantic 
-- 

Year. 1 Days before hlgh solar constant. 1) 11 Days after high solar constant. 

Total _.....____. 1,345 1,355 1,233 1,186 1,166 1,169 1,145 I,m7 l ,WS 1.174 

Medean-Totsli7 B...... li.7 17.6 16.3 15.6 15.3 15.4 15.1 15.9 14.1 15.4 

Southern sectlnn 01 North Atlsntir. 

I I I I I I I I I/ II 
b 

1808 __...._............ 423 
1m __...._............ 709 
1W _._____._.___...__. 371 

Total ~. . . . . . . . . . 

503 4% 435 592 
6 3 9 6 6 5 8 0 5 5 8 8  
a 8 8 2 6 3 2 2 5 2 8 8  

1,427 1,354 l,W 1,459 

18.8 17.8 16.7 19.2 

- 
3 2 1 0 1 1  

583 359 517 475 488 
590 659 555 573 832 
383 236 a77 332 371 

1,292 1,210 1,293 1,067 1 , U R  1,253 1,310 1,352 1,262 1,256 1,263'1,233 1,359 1,30S 
17.0 15.9 16.9 11.1 17.9 16.5 17.5 17.R 16.1 16.9 16.15 16.3 16.5 17.3 1 I I I I I I ! . I  I I I I 

13 I 14 1 15 

449 576 461 
782 *502 634 
401 1 328 1 335 

so high as now and the decline on either side would be 
more gentle. Nevertheless, the evidence of relation- 
ship between the sun and the earth would be a unmis- 
takable aa now and there would appear to be an imme- 
diate terrestrial response to solar changes. 

According to the method here used a good niany dags 
of high constants are tabulated amon the da s preced- 
ing and followin high constants. Tfey t e n i  to nuni- 

obscure it. All the da.V of reference are characterized 
by high constante, whereas among the other days 8 

mize whatever re P ationship may exist, but do not wholly 

smaller number is thus characterized as the interval 

the southern sec- 
tion, B, are at a minimum either on the day of the highest 
solar coilstant or the day before. From that time onward 
they rise irregularly for 8 or 9 days. Line C, showing the 
average for both sections of the North Atlantic, begins to 
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here referred to different zeroea in order that they may 
stmd out clearly. In general both sections show the 
same features, but these are much stron er in the north 

clear that af?er clays of hiyh. corlstnnts there is a steady in- 
crfmc in th.c va,&bility qf th.c wealirw in. t7r.c North Atlnntic. 
This cuh ina tes  in 8 or 8 ila:ys, a. ler suirich there is a slmv 

b y  a decraasa in the znzria.bilit?y of the umt7~er. his cul- 
m i m t c s  in. 9 or IO days. 

D A Y S  AFTER HIGH OR LOW 
SOLAR CONSTANT 

than in the south. From the lower so F id line, E! it  is 

dcclinc. Low constci8nt8, F, 011. t x .c con.tTo"y, a,re ollowcd d *-. 
-.- .---. --- '-. - 

- 
- 
- 

- 
- BEFORE - DAYS OF 

HIGH 
SOLAR 

CONSTANT - 
- 
- 
- 
)111111 

O7 6 5  4 3 2 1 

AFTER DAYS OF HIGH 
SOLAR CONSTANT 

I I I I I I I  1 1 1 1  1 1 1 1  

1 2 3 4 5 6 7 6 9 1 0  12 1 
in barometric enta in the North Atlautic in relation to 76 days 

17*4%0hr constants 0% or mom in 1!m 1W and 1909 (See Table 14.) 
B ,  Southern section; C, both sectiods; A ,  Nbrtheh sectlod. 

rise on the day when the solar constant becomes hi h. 

out. Just where the line would reach a maaxhum is not 

If it were possible to obtain more com lete figurea of t a e 
solar constant, the line would doubt P ess smooth itself 

spot &ect is like the shorter and more violent waves 
raised b the wind. 

"he r3ationof thesolar constant to barometric radients 

figure 18. In preparing these the days for which solar 
constant observations are available in 1906, 1908, and 
1909 were divided into three a proximately equal grou 

groups-with the 11' hest and lowest constants, respec- 

sections of the North Atlantic for a period of 50 days 
after the days of high or low constants. "he smoothed 
results appear in the upper four linea of @re 18. In 
the lower part of the fi re the two sections have been 

is illustrated in a slightly different way in Tab k e 15 and 

for each year on the basis o P the solar constant. & 
tivel , were used as 1 t e basis for tabulating the departures 
of t x e barometric gradients from the normal in both 

combined. The lines H" or high and low constants are 

20 30 40 50 

SOUTHERN SECTION 

BOTH SECTIONS w 
Fro. 18.-De turea of barometric gradients from normsl in the Atlantic Ocenn after & of high solar constants and low solar constants 1806 lW Ixm. . . . . . . low solar constants. -high solar constants. (See Tible $.) 

Both curves in the lower part of figure 18, but es ecially 
the one for high constan@ show an upward ten & pcy in 
their ri htrhand portions. Much if not all of this is due 

early st e in the present investigation. It IS based on 
the actu 3 indices for barometric gradients as obtained by 
countingintersectiom of isobars with the degree net. The 
numbers thus obtained were not reduced to percentages 
of the normal. F'rom midsummer onward, whch happens 
to be the period when moat of the solar constant observ& 
tions are made, the adients increase in stee ness. 
Therefore during a perio 7 of 50 days the amount of c E ango 

to the 5 act that this particular diagram represenb an 
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from day to day is bound to increase because of the the table. For t-he entire North Atlantic, as appears in 
increasinm seventy of the season. Hence for our resent fi re 19, the radienta reach a alight maximum 6 days 

cmce. The sudden initial rise of the solid lines and edge; that is, when they are close to the central meridian. SF of the dotted ones, however, are lvghlv important. f 
They indicate an important relationshp ’between the 1 2 3 4 I 2 4 6 8 IO 12 14 16 18 20 22 
sun’s thermal radiation and terrestrial atmospheric dis- 

purpose &e general rise of the lines in figure 18 ?l as no a E r  the facuk have become abundant on the eastern 

turbances. 
- 

Relution of famike to the eobr constant. 

Lot us now turn back to the faculre once more. They 
are general1 agreed to be hotter than the sun’s 
surface. d n c e ,  they would be expected to ro uce an 
effect similar to t-hat of the solar constant. h e n  they 
first appear on the sun’s mar however, their effect 

ht, just aa the e R t  of the risi 

as they y b a b l y  do, they would send the maximum 
supply o heat to the earth 6 or 7 days after their 
first appearance; that is, when they are near the sun’s 
center. Thus a t  that time they would cawe a high 
solar constant. We have seen that high gradients 
occur about 9 dayR after high constants. Therefore 9 
days after abundant f a c h  reach the central meridian 
and about 16 da-m after they are visible on the sun’s 
eastern mar in we should look for high gradienh. 
Table 16 and fi e 19 show that this is almoet what 

1907, which had abundant sunspob, and 1910-1913, 
which had few. The method of tabulation is like that 
already described; that is, after each period of abundant 
faculs only those da are included which occur before 

matters. Unfortunately the number of periods for which 
the full quota of days is available is s m d ,  as appears in 

g;encnrd 

3 sun is slight. be If 2 t e faculse retain their heat sufFicien y long, 

occurs. The ta ir e and diagram are based on the year 

another period of a s undant f a c h  arrives to confuse 

DAY5 AFTER ABUNDANT FACULAE 

i i i n i * m t r i i i i i i i i i i ~  O L  
FIG. 19.4ha in barometric gradients in northern section 01 the North Atlantic, 

in %ion to Iaculre on the sun’s eastern margin. (See Table 16.) 

A stronger but relatively sli ht  maximum appears on 

in accord with what would be expected theoretically. Since 
it is preceded by a minimum on the ninth day, however, its 
importance is robably not great. So far as any con- 

show a delayed and inconclusive relationship to terrestrial 

the sixteenth and nineteenth a ays. This is qmte closely 

elusion is possi ! le, we may say that the faculse tend to 

TABLE 16.-C7mngea in baromcttie gradidntr in relation to dcrys when the total area of faeulz on the mn’a eastern margin amounts to 150 or more 
(ueejg. 19). 

II Days of abundant 
faculae. I Days after abnndant faculae. 

Number ofcases .......... 
ernsection ............. 
ernsection ............. 

Average change in north- 
Average cbnngc in south- 

1010. 

NumberofCaSeS .......... 
Average change in north- 

ernsection ............. 
ernsection ............. A\-erage chanp in south- 

1011. 

Numberolcases .......... 27 11 8 P I R 
ernsectfon ............. 19.4 10. 19.1 19.1 15. 

ernseclion ............. 11.7 24. 13.4 126 13. i Avfmge change io north- 
Average change In south- 

1012. 

Average change in north- 
Average change in ermtb- 

1013. 

NumberoImk .......... 27 13 7 6 27 
ern scction.. ........... 1R.6 10.2 14.3 19.8 17. 

ern section ............. 16.9 11.5 21.5 13.5 15. 

Number ofeases .......... 18 10 4 5 28 
dverage change in north- 

ernsection ............. 21.3 15.0 24.3 aO.6 16. 
Average chango in south- 

ern seetion. ............ 22.9 16.5 22.3 22.6 18. 
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weather. This is robably thermal, and may be con- 

constant. 
different type from the relationship which seems to 
connect sunspots and the weather. 

nected with the soar  P It appears to be of a 

IV. COHRELATION COEFFICIENTS. 

Thur far, with the exception of figure 9 [p. 1691, our 
investigations have been limited to periods when either 
solar activity or barometric gradients show extremes. 
Let us now try the method of correlation coefficients, 

which also produces barometric disturbances. In  fact, 
so many are the complicating factors that it will be highly 
sigdicant if the use of correlation coefficients leads to 
any systematic confirmation of our conclusions, no matter 
how s m d  

Nevertheless, the method of correlation cocfficienta is 
so exact that it will be worth while to use it. First, how- 
ever, the reader should recall the reasons why only the 
smallest coefficients can be ex ected even if solar varia- 

Some of these remom have already been stated in con- 
nection with a discussion of the conditions which prevent 
the earth’s barometric variability from f d i  to a low 
ebb even when quadrant ciifferences apparen 3 y cease to 
occur in the sun. The matter is so important, however, 
that it  will pay to think of it once more. 

In thefirst place, the method of correlation coefficients 
does not distinguish between the cyclonic and anti- 
cyclonic conditions which succeed one another at frequent 
intervals, even in regions of prevailin 
such as the northern section of the’ orth Atlantic 
Ocean. The present investigation, like those of Hilde- 
brandsson and others, seems to show that cyclonic 
and anticyclonic areas have an inverse relation to the 
sun. Hence when correlation coefficients are computed, 
the two t pes of barometric conditions tend to neutralize 

represent only the amount by which one type of pressure 
prevails over the other. 

In  the second place, even at its point of origin, each 
new barometric disturbance is superposed upon the 
more or less vigorous remnants of previous disturbances. 
Some of them disturbancos may have been associated 
with solar conditions which prevailed one or two weeks 
before. - Moreover, a given disturbance can rarely be 
measured at its inception. According to the method 
emplo ed in this paper, i t  may be measured only on its 

side of the map, or i t  may be measured on its day of ori in 
and for two to eight days afterwards as i t  crosses t a e 
map, or i t  may not be measured till several days after its 
origin, when a t  last i t  enters the area of the map. Any 
attempt to obviate this difficulty by selecting only the 

tiom are closely connected wit E barometric disturbances. 

vow pressure 

one anot i er. Thus any coefficientt3 %hich we may find 

day o 7 origin rind may then disappear beyond the eastern 

disturbances arisin immediately from solar activity 

degree that the results would be wort MS. As the matter 
now stands, the element of human judgment .in this 
particular phase of the problem is eliminated, although 
at the cost of greatly reducing the real co&cients. 

A third reason why the method of correlation. coefJi- 
cienta can not be expected to give striking results is 
the fact that barometric disturbances are due to man 
causes. Some of these are terrestrial. They inclu 2 e 
volcanic eruptions, forest fires, the heat sent out by 
great cities, periods of cloudiness, heavy rain,, coatings 
of snow, and other meteorological accidents. Far 
more important than this is the great basic fact of 
meteorology, namely the variation in the amount of 
heat received on a given portion of the earth’s surface 
because of changes in the sun’s altitude both from hour 
to hour and from season to season. By reducing our 
barometric data to percentages of the daily normals 
we have largely eliminated the effect of the seasons, and 
have thus taken out the major correlation coefficient 
between the earth and the sun. It has been impossible, 
however, to eliminate the effect either of daily changes 
in the sun’s altitude or of meteorological accidents or of 
minor occurrences like volcanoes. These all unite to 
conceal whatever correlation may actually exist between 
daily barometric gradients and daily solar disturbances. 

Finally, the correlation between the atmosphere and 
the sun is reduced by solar conditions perhaps as much 
as by terrestrial. In  the h t  place, we have no assur- 
ance that anyone particular type of solar measurement 
gives a true measure of the energy available for the 

seen that sunspob, the solar constant, and facula a 1  9 production of barometric disturbances. 

seem to show some relationship to such disturbances. 
The relation of sunspots to terrestrial pressure seems 
to be immediate, whereas high solar constants are 
followed by high barometric gradients only after an 
interval of 8 or 10 days. Faculre, on the other hand, 
seem to show both an immediate and a delayed rela- 
tionship, but in a weakened indefinite form. What- 
ever may be the explanation of this apparently twofold 
relationship, i t  must blur the correlation coefficients. 
Moreover, the solar energy, no matter what its nature, 
must be transformed into kinetic energ before it can 

heat or some other type of energy must be transformed 
into the kind of energy that moves the articles of air. 

evitably accompanied by the wasting of ene Hence 

In view of these considerations we should not expect 
high correlation coefficients between solar changes and 
the earth’s atmospheric pressure even though the relation 
is important,. For example, with our present imperfect 
methods it would be a eat mistake to expect the coeffi- 

ton ’ has foun B between terrestrial temperature at in- 
land tropical stations and the solar constant. The tem- 

ratures of the earth and t8he sun are so obviously in 
Erect relation to one another that in this case we should 
expect a high correlation coefficient. Clayton fmds that 
the average temperature of five-day periods a t  Pilar, in 
central Aventina, during tlhe years 1913 and 1914 gives 
the followin positive correlation coefficients when com- 

d would involve the e B ement of human ‘udgment to such a 

We have dread 

manifect itself in barometric pressure. f n other words, 

Such a transformation causes delay an B is almost in- 

i t  must cause still further reduction in the coe % cients. 

cients to be an thing JY ke so large RS those which Clay- 

pared with t I e solar constant for five preceding days. 
1 EUect of short- r i d  variations of solar radiation on the earth’s atmosphere, by tl. 

Helm Claflw. fsemithsolliaa Iastltutlrm, W&in@on, my, 1917. 
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Correlation coefficient at 3 troplcal 
stations .________.________________._ 

Correlation coo5cient at 2 temperate 
stations ...______________.___.______ 

c'orrelation eocmcient at Zarctlc st% 
ti on^ _..._.__.____._________......._ 
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-0.05 -0.03 -0.04 -0.04 -0.01 -0.02 

+O.W +0.10 + O . l Z  +0.13 +0.13 +0.08 

+O.l2 +O.OI hO.00 -0.03 -0.07 -0.07 
I I 

TABLE 17. 

(Alter Clayton, op. cit., p. 6.) 

Days before. 

Days belore or after 
solar oLwrvation. 4 8 2 1 

.- .- - __ 
Correlation coeffi- 

cient _______._.____ -0.075 -0.125 -0.128 -0.105 

Days fallowing solar observations.. . . 6 

Days alter. 

0 1 2 3  
- __ - - 

-0.054 +0.043 +O.W + O . W  

iiuum temperature. __. ._. __. . . 
temperatiire ...._.._._.________ 

(A) Correlation &dent with max- 

(B) Correlation &cient with mean 

As the probable error of the maximum in line A is 
only f0.048, or less than one-eleventh of 0.53, the cor- 
relation seems to be so strong as to be beyond question. 
Clayton has confirmed this result b a similar study of 

fairly certain that changes m the sun's thermal radiation 
are soon followed by correspondin changes in the tem- 

maximum &ect occura from one to three days after the 
solar cause. 

In  the case of so indirect and complicated a relation- 

stations in other parts of. the wor r d. Hence it seems 

perature of the lower layers of t B e atmosphere. The 

TABLE 18. 

(After Claytm, op. cit. p. 10.) 

cientg are a little larger than within the Tropics and 
arrange themselves in the systematic order shown in the 
last two lines of Table 18. These coefficlentg are.small, 
but in view of the corn lexity of the relatlonshlp and 
the re laxity with whicft the arrange themselves they 

When the same method is a pEed to the correlation be- 

barometric gradients of the northern section of the Noi-th 
Atlantic, according to the formula T= - the results 

are as appear in Table 19. 
In this formula r is the ratio, or correlation coefficient; r is the daily 

de arture of the solar quadrant differences from the normal for the year; 
an$ y is the daily departure of the barometric gradients from the nornial 
for the da in question, with duo allowance for the seasons as explained 
in the earfy part of this paper (cf. pp. 125-126). 

proba f? ly show a real relations K i . 
tween the sun's quadrant di tf) erences for 1905 and the 

zq 
Jzz?ya' 

TABLE 19. 

The ures in Table 19 are of the same order as those 
obtaine z by Clayton for his two stations in the Temperate 
Soiie. They arrange themselves with reat re ularity. The 
maximum is found when a given so 7 3  ar con ition is com- 
pared with the barometric gradients of the second day 
sf ter. 

A comparison of tho solar constant wit,h the ehcan,ge in 
gradients from day to day in the North Atlantic instead 
of with the actual gradients yields the result shown in 
Table 30. 

TABLE 20. 

Cormlation e m t ~  1 I I I I I 1 I 
eirot ... . . ........ -0.029 fO.000 S0.W + O . O d  +O. 1% +O.M +O.m +0.026 

Probable error, f0.05. 

Here, as before, the coefficients arrsngc themselvos 
with reat regularity, rising t,o a niasinium on the first 

our previous conclusions. It su gests that a given solar 

almost at  once, so that this appears on the da in question 
and reaches a masinium on the succeeding B ay. On the 
second day after the day of solar observation t.he gradients 
are strong or weak in harmon with tshe preceding solar 

correlation coefficients are entirely in accord with those 
drawn from other lines of evidence. 

I t  might be supposed that a comparison of the baro- 
metric conditions with the solar condition d u h  several 

when the comparison is limited t.0 one day. This is not 
the case, however. When the quadrant differences for 
successive periods of four days during 1905 are compared 
wit-li the barometric conditions of the last day in each 
period the correlation coefficient for the actual gradients 
is +0.099 and for the change of gradients +0.115. 
Here, however, as in the other cases? the correlation 
coefficients are consistent with our conclusions derived 
from other methods, which i~idicat~es that they are prob- 
ably of real importance. 

Another reason for believing that these correlation 
coefficients, though small, are of genuine significance is 
found when they are compared with the coefficients 
between facula? and barometric. gradient.s. The facuh, 
like the sunspots, are reckoned in terms of quadrant 
differences, and t,he same days are used as in Table 19, 
above. The result, as shown in Table 31, is quite 
different. 

TABLE 21. 

day a f ter the solar observat,ions. This again agrees with 

condition causes R change in t % e barometric gradients 

quadrant differences. Thus t z e conclusions drawn from 

preceding days would show a stronger relations !i ip than 

Days after. Days belorc. 

I h y s  brlore or aftrr 

C:urmlation cucfli- I I 1 I I I 1 I 
eient. .._. . . . . . . . .. -0.1124 -0.023 -0.018 +O. 008 4 0. Oai -0.037 -0.0018 +O. 002 

Probable error, fO. W. 

Herc! the maximum coeficient is only one-fourlh as 
large as in Tables 19 and 20. Moreover, the coefficients 
are not arranged systematically and are smaller than t,he 
probable error. Thus they confirm our previous con- 
Clusionxthab _. SQ far-as any..i.mmodide effect upon baro- 
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metric gradients is concerned the faculse are relatively 
unimportant and probably owe their apparent effect 
to their nearness to the sunspots. The fact that in this 
case the absence of any evidence of a definite relationship 
is so clear gives reason to believe that the other coeffi- 
cients obtained both by Clayton and in this paper are of 
real signihance. Small as the are, they are larger than 
would be expected in view OT the many complicating 
factors discussed on previous p es. Moreover, i t  must 

coefficients given in Tables 19 and 20, as well as each of 
the other two mentioned in the text, is sy/stem&ic, and also 
completely in accord with the conclusipns derived from 
other lines of investigation. 

be carefully noted that each o T the two sets of eight 

SUMMARY. 

The net results of the study of solar mid terrestrial re- 
lationships set forth in this paper and its predecessors may 
he summed as follows: 

(1) Sunspots, faculs, and the solar constant all appear 
to show a distinct relation to barometric gradients in 
the North Atlantic Ocean. 

(2) The faculse and the solar constant seem to show the 
same sort of relationships. They act entirely in harmony 
with the basal assumptions upon which the science of 
meteorology is founded. Their relation to the weather 
can be readily explained as the result of the vRr ing 

the sun. According to Clayton, the maximum heating 
effect in tropical re ons is produced two or three days 
after the correspoii ing solar activity. Accordiii to the 
writer’s figures the chief effect on barometric gra ients in 
tem orate latitudes does not appear until the eighth or 
nint F 1 day. Thus the time relationships seem reasonable. 

(3) The relation between suns ots and barometric 

accepted by meteorology. %n the first place, altho 
effect of sunspots is apparent1 pf the same order o mag- 

its maximum with much greater speed. The apparent 
delay is less than 24 hours. This seems too quick to 
accord with the ordinary action of heat. In  the second 
place, the effect of suns ots in high- ressure areas is ap- 

traiy to what occurs when heat is the active 
the northern and southern sections of the Nort At anhc 
Ocean appear to res ond to the solar constant in nearly 
the same fashion. 1 much stronger piece of evidence is 
the fact that spots on different parts of the sun’s surface 
do not a pear to act at all as weuld be the case as if they 

most strongly on the earth when the heat radiates from 
the center of the sun’s disk. This ap ears to be the case 

the reverse is true. When they are at the sun’s center 
they seem to check the formation of atmos heric disturb- 

heat would have n minimum effect, they act most vigor- 
ously. Moreover, the spots upon the sun’s margins do 
not roduce an offect in proportion to their total men, 

heat. On the coiitriwy, a spot on one art of the margin 

the greatest effects are produced either when what we 
have called the quadrant Merences are at a maximum, 
or else when the area of the spots on the margin of one 
quadrant greatly overbalances the area in the other 
quadrants. 

amount of heat received upon the earth’s surface f rom 

f 

gradients is not in harmon with t 1 e principles thus far 

Yh the 
nitude as that of variations in t K e solar constant, it reaches 

parently inverse to the e i ect in low. hl is seems to be con- 

T P  for 

emitted R eat. The heat of the sun’s surface must act 

with the heat radiated by the facuse. P 
ances upon the earth. When on the edges, R owever, where 

wou P d be the case if they worked through the emission of 

seems to balance a spot, on certain ot P ier parts. Hence 

IF 

With sunspots 

(4) In  view of all these facts we seem to be led to the 
conc.lusion not only that variations in solar activity are 
among the prime causes of disturbances in the earth’s 
atmosphere, but that these variations are of two kinds. 
One lund is clearly thermal. The other kind may be 
electrical or of some ty e not et understood. The dis- 
cussion of its nature is ( P c 9  eferre to another paper. 

Meanwhile a word should be added as to the present 
condition of the great problem of the cause of weather 
variations. With the appearance of KO en’s fmal 
work on sunspots and temperature in 1914 (frit became 
almost certain that no further research could alter his 
original conclusion. That conclusion was that the earth 
is relative1 warm at times when the sun is relatively 
inactive. ’his is especially the case in equatorial re- 
gions. At about the same time Abbot’s measuremen& 
of the solar constant (2) made it highly probable that 
when the sun’s surface is active the emission of heat is 

eater than when the number of sunspots is slight. 
Yhus the meteorological world was face to face with the 
anomaly of a warm sun and R cool earth. The present 
author (3) has attempted to explain this by the hypothesis 
that at times of many sunspots an increase in cyclonic 
activity, which now seems to he well demonstrated, 
causes a great amount of warm air to be carried u ward. 

apparently drawn from equatorial regions more than 
from others. This is partly because convection in the 
shape of ttiunderstornis and hurricanes seems to be 
especially active there during times of many sunspots. 
Moreover, in the belt, of cyclonic storms most of the air 
that rises in the midst of the more frequent cyclones of 
periods with many sunspots is drawn from the equator- 
ward side of the storms. Thus at  times of many sun- 
spots and a warm sun the earth’s surface is most cooled in 
equatorial regions, less in temperate re ions, and possibly 

set forth in 1914 the chief difficulty seemed to be the 
necessity of postulating some agency other than heat 
in order to explain the increased cyclonic activity which 
is sup wed to carry away the increased heat received 

After the present series of papers had been completed 
in practically the present form, there came to hand the 
admirable monograph of Helland-Hansen and Nansen. 
(4) In  this they discuss changes in the temperature of 
the air and of the surface water of the North Atlantic in 
their relation to ocean currents and winds. With com- 
mendable thoroughness the show that, whatever may be 
the case with variations o P long period, the short varia- 
tions of temperature measured in months do not appear 
to be due to the movement of ocean currents. On the 
contrary, the variations occur suddenly over large areas 
instead of advancing pro essively as would be the case 

dinavla it a pears, moreover, that changes in barometric 
pressure an! in the temperature of the air over the land 
slightly recede changes in the tem erature of the surface 
water. !Chis is quite contrary to t !i e usual idea that the 
temperature of the water determines that of the land. 
The detailed curves, however, scarcely leave room for 
doubt. Finally in widely so arated parts of the earth, 
as Arctowski has woll shown 61, and as the Scandinavian 
aut.hors show more fully, the same variations-even in 
small details-are repeated synohronously. In othor 
e ually scattered areas almost esactly the opposite types 
o 9 vanations occur at  the same time. Often an area of 
one kind lies between areas of the other kind. Thus 
Helland-Hensen and Nansen conclude that the earth’s 

There it dissipates its heat by radiation. This R eat is 

not at all in polar regions. When t f is hypothesis was 

from t R e sun. 

if they were carried by t r e water. In  places like Scan- 
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surface as Hildebrandsson has already shown (61, is 
divided into positive and negative centers of action sepa- 
rated by intermediate regions which may be of a tran- 
sition type, or ma be under the sway h t  of one center 
and then of anot t er. In  these centers, ap arently in 
harmony with solar changes, there occur &nost syn- 
chronous changes of pressure as well as of temperature. 
These changes are, a parently, common to all the centers 
of action, but their c R aracter is reversed according as the 
centers are positive or negative. The changes in pressure 
appear to precede the changes in temperature. Another 
noteworthy feature of the centers of action is that one 
type suffers changes of temperature rou hly in harmony 
with the chan es which occur in tro ica 7 midcontinental 
regions and w % ch are apparently 1 ue in p o d  part to 
variations in the radiation of solar heat. he final con- 
clusion of our Norwegian authors is that chan es in pres- 
sure and winds which are presumably of so 5 ar origin, 

temperature and are on the 

gap between the present 
of variations in temperature 

subject of study. 

and the hypothesis of the present paper as t.0 the effect 
of nontliermal solar variations. Apparently theso solar 
variations follow a course rough1 but not strictly, 
parallel with that of changes in &e sun’s emission of 
heat. Increased solar heat warms the earth’s surface in 
certain regions, special1 within the Tropics or in conti- 

to increase the rapidity of both oceanic and atmospheric 
circulation. At the same time the seemingly nonthhennal 
energy with which we have been mainly dealing in this 
paper, apparently causes an e.xpansion of areas of high 
pressure and a consequent weakening of gradients in 
their centers. This crowds the low-pressure areas and 
thus in such areas strengthens the gradients. Perhaps, 
as Veeder has suggested (7), these changes are due to an 
actual transfer of parts of the upper air toward the centers 
of high pressure. However this may be, the result seems 
to be a remarkably quick readjustment of atmospheric 
pressure. This is apparently followed at once by a 
strengthening of the ‘winds, and an increase in cyclonic 
activity. Hence in the high-pressure areas the cold 
upper air must begin to settle downward, so that the 
temperature of the earth’s surface is lowered. In the 
low-pressure areas, or at  least along their equatorward 
sides, an unusual amount of warm air must be drawn 
inward. Thus the temperature rises, and the condition 
of such places vanes inversely to that of the centers of 
high pressure. Ultimately the warm air is carried up- 
ward so that the eneral temperature of the earth’s sur- 

certain areas have been warmed by the winds while 
other areas are being warmed by the sun and still others 
are being cooled by the descent of air from aloft. One 
of the next eat tasks of meteorologists would seem to 

conditions of solar activity. 

nental interiors where t K ere are few clouds. This tends 

face is lowered. h is, however, does not happen until 

be to map J? e areas of these three types under different 
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CORRIGENDA. 

PART I.-Page 127, 1 end for ii ure 1. the dotted line and t.he solid 
line h o d  be interc%mged. 

Page 129, lower msrgin of,right-hand of figure 5, “inmaee” 
should read “de-se. 

Page 139, columu 3, h e  14 from bottom, sentence beginning 
“Let it” should read “Let u?.,, 

11.-Page 170, Table 8, column 1, thud line, “1907” should read 
“1908 ”. 

P y e  176. second line p i  note to fi ure 14, “mn” should read 
sun’i”; at b mmng of f?ur& line “froni” &odd read 

“of”, and 6gN& hi same hne Bhould read “NE”, 

LACUSTEAL BECOBD OF PAST CLIMATES. 

By CHARLES ROLLIN KEYES, Ph. D. 
c 

[Dated Des Moines, Iowa, July 14, 1917.1 

It is not at  all surprising that such apparent climatic 
anomalies RS the occurrence in arid regions of large 
bodies of inland waters should call  forth varied expla- 
nations. At first glance interior seas seem to portend 
former meteorological condi tions that were fundmen- 
tally different from those now existing. They even sug- 
gest that they may be tell-tale clues to epochs when 
greater humidit revailed. In  this re ard the vast 
extinct lakes of t e reat Basin of western a orth America 
especially are the theme of warm and prolix discussion 
on possible climatic changes in late geological times. 
Whether or not ultimate analysis of recorded observs 
tion support the thesis of permanency of climate, rhyth- 
mic alternation of climatic change, or variable and 
.irregular succession, it is quite certain that the tendenc 
of opinion toward the middle coume thus far fin B s 
greatest favor. 

When the sumptuous monographs on tho van uished 
Great Basin lakes were written by King, di i tney,  
Gilbert, and Russell, such a thin as desert eolo was 
entirely unknown in the Unitef States. l%nci?es of 
modern physiography were ‘not yet formulate$ The 
tremendous potency of eolic erosion under conditions of 
aridity was unsuspected. On the other hand, the duality 
of the Glacial Epoch.was ‘ust beginning to receive cre- 

et undreamed. Since these new fields of investigation 
iave  opened up, old views are capable of something like 
quantitative measurement, where before much was either 

ure fancy or unwarranted distortion to fit dimly out- 
L e d  hypotheses. 

And regions present as their most characteristic relief 
expression innumerable shallow depressions. In  a tract 
of close-patterned orogeny as, for exam le, the Great 

with the intermontane plains. .To the ex lorer fresh 
from his homeland of humid climate the su I T  ace hollows 
a pear as potential lake basins. As a direct consequence 

drainage features at d. That some of them, under such 
dry-climate conditions, should be actually occupied by 
broad expanses of water is a wholly unespected phe- 

dence, although its real mu i tiplicity and complexity wero 

Basin, these broad depressions are usualy Q coterminous 

o P desert erosion the are really not an expression of 


